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0 Lamp housing and ventilating system therefor. 



© A lamp housing and an integrated ventilating and 
cooling system for such housing directed to (1) 
providing a stable environment for the optimum op- 
eration of a mercury arc vapor lamp, (2) providing 
minimum heat transfer to precision instrumentation 
adjacent to the lamp housing and (3) overcoming 
problems resulting from possible failure of a mercury 
arc vapor lamp contained therein, particularly in the 
case of explosion. The housing has a double wall 
construction and contains an inner, sealed lamp 
chamber such that if the lamp explodes the poison- 
ous mercury vapors, and pieces of the lamp that 
could damage an associated precision stepper 
mechanism, are contained inside the chamber; even 
2 if the inner chamber walls are breached the mercury 
^vapors are carried away by a suitable vacuum ar- 
r^rangement; moreover, reduction in explosive and 
pother failures is accomplfshed by preventing uneven 
heating and cooling of the lamp, the double wall 
^housing including for the purpose a plurality of in- 
^tegrated, elongated, radial cooling fins for dissipating 
the heat generated by the lamp; additionally, the 
© housing or lamp chamber assembly is very easily 
£)L removed, being provided with a bayonet latch 
UJ mechanism such that the entire tamp housing or 
assembly can be lifted out of place and a substitute 
quickly inserted. 
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LAMP HOUSING AND VENTILATING SYSTEM THEREFOR 



BACKGROUND OF INVENTION 

1 . Field of Invention 

This invention relates to an illumination system 
for microlithographicaliy forming patterns on semi- 
conductor wafers. More particularly, it pertains to a 
lamp housing or shield and to a cooling and ven- 
tilating system associated therewith, the lamp serv- 
ing as the source in the illumination system. 



2. Background Information 

The type of apparatus for microlithographicaliy 
forming patterns on semiconductor wafers in which 
the present invention serves its particular function 
can be appreciated by reference to U.S. Patent 
4,425,037. That patent which is assigned to the 
assignee of its present invention, discloses an im- 
proved system including a stepper for projection of 
pattern images onto a predetermined 'focal plane. 
Such apparatus includes as a source of illumination 
a mercury vapor arc lamp. 

A fundamental problem that exists in the de- 
scribed context is that one must provide an opti- 
mum operating environment for the mercury vapor 
lamp in an enclosure or housing which shields the 
area around the stepper from hazardous ultra violet 
radiation, which is dangerous to people and can 
damage photosensitive materials used near the 
stepper. 

Moreover, a heat source can destabilize the 
metrology of the stepper so heat transfer to the 
rest of the stepper must be minimized. 

Another problem that occurs when mercury 
vapor lamps are utilized is that the mercury, being 
poisonous, can produce additional hazardous con- 
ditions for personnel in the event that a lamp 
containing it should explode. 

Accordingly, it is a fundamental object of the 
present invention to overcome this problem of ex- 
treme danger always present with the operation of 
a mercury arc vapor lamp by forming an inner 
sealed chamber for the lamp or illuminator within a 
double wall housing, while not compromising the 
performance of the illuminator. 

It is believed that uneven or non-uniform heat- 
ing and cooling over a typical period of operation 
of a mercury arc vapor lamp in the context already 
described may be the cause of the previously 
noted explosive, as well as other, failures. 



Accordingly, it is a further object of the present 
invention to solve this underlying or causal problem 
by providing an efficient, integral cooling arrange- 
ment for the lamp to enable continuous dissipation 
5 of the heat generated by the lamp, thereby to avoid 
the undesirable non-uniform heating and cooling 
effects. 

A very demanding requirement in the operation 
of a photolithographic pattern forming apparatus is 

70 that the apparatus must be continuously operative 
in order to produce the finished wafers on an 
uninterrupted, production line, basis. 

Accordingly, it is yet another object of the 
invention to avoid an extended cooling down period 

75 for a failed mercury arc vapor lamp before trying to 
remove such lamp from its housing or assembly. 
Accordingly, the length of time that the stepper 
pattern forming apparatus is not available for pro- 
duction is minimized. 

20 

SUMMARY OF THE INVENTION 

In accordance with the primary feature of the 

25 present invention, whose fundamental object is to 
provide the optimum operating environment for a 
hazardous lamp, to insure the control and contain- 
ment of vapor from a potentially explodable mer- 
cury arc vapor lamp or the like and to reduce 

30 transfer of heat generated in the operation of the 
lamp to the remainder of the pattern forming ap- 
paratus, a system is provided comprising a housing 
for the mercury arc vapor lamp, the housing includ- 
ing first and second concentric cylindrical walls, a 

35 first or inner chamber in which the mercury vapor 
lamp is contained being defined by the first wall. 
An outer or second chamber is provided so as to 
enable, in the event of an explosion, and under 
circumstances such that the inner chamber is 

40 breached, that the poisonous mercury vapor can 
be readily ventilated, a vacuum means being con- 
nected to an outlet opening in the second chamber, 
and an inlet opening being provided in such cham- 
ber cooling air is brought in through said inlet 

45 opening for ventilation purposes and for enabling 
continuous cooling of the mercury lamp so as to 
prevent the causal problem due to the uneven 
heating and cooling phenomenon already noted. 
A specific feature of the invention in connection 

so with the cooling of the mercury vapor lamp resides 
in the provision of cooling means comprising elon- 
gated, radially extending, fins surrounding the lamp 
chamber and disposed within the annular portion of 



2 



BNSDOCID <EP 0262S47A1 I > 



3 



0 262 547 



4 



the outer chamber, so as to provide substantial 
surface for efficiently dissipating the heat gener- 
ated by the lamp and aJIowing the heat to be 
removed from the stepper. 

A further principal feature of the invention re- 
sides in the arrangement for insuring that the 
photolithographic pattern-forming apparatus may 
be continuously operative. This is accomplished by 
providing an integral lamp housing and a means for 
latching this integral housing to the frame of the 
apparatus so that the entire housing may be re- 
moved when there is lamp failure. Consequently, 
there is no need to wait for an extended period 
until the failed lamp has cooled down sufficiently 
before removal of the lamp can be accomplished. 

Other and further objects, advantages and fea- 
tures of the present invention will be understood by 
reference to the following specification in conjunc- 
tion with the annexed drawings, wherein like parts 
have been given like numbers. 



BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an elevation sectional view of the 
entire optical illumination system in which the lamp 
housing and system of the present invention is 
incorporated. 

FIG. 2 is a cutaway, perspective view of the 
lamp housing and system for cooling and ventilat- 
ing the lamp. 

FIG. 3A & 3B illustrate the bayonet latch 
mechanism for the lamp housing. 



PREFERRED EMBODIMENT OF THE INVENTION 

Referring now to the figures of the drawing and 
in particular for the moment to FIG. 1, there will be 
seen in this figure a depiction of the optical illu- 
mination system in which the device or system of 
the present invention is incorporated. 

Since the illumination system 10 is merely the 
context in which the present lamp housing is oper- 
ative, that system will be described briefly in set- 
ting forth the preferred embodiment. A detailed 
description of such illumination system may be 
found by reference to the previously cited U.S 
patent 4,425,037. The system essentially com- 
prises a light source or lamp 12, such as a mer- 
cury arc vapor lamp having a rating of 200 watts. 
This mercury lamp is pulsed at 500 watts during 
wafer exposure and held at a standby power of 150 
watts during alignment and other operations. Thus, 
the average power consumption during a typical 
wafer stepping operation is approximately 200 
watts. 



An llipsoidel reflector 14 focuses light from 
the lamp onto on nd of a light pipe 16, a dichroic 
mirror 18 reflecting only a selected wavelength 
band of the light, as is understood. A lens system 
comprising hemispheric lenses 20 and 22 which 
are cemented to opposite ends of a light pipe 16. 
and additional suitable lenses, including a lens and 
mirror arrangement 24, provide ultimately for illu- 
mination of a reticle 26, as is also understood. 

It will be seen by reference to the upper part of 
FIG. 1 that a double wall lamp housing 30 is 
provided in accordance with the present invention. 
For reasons to be explained, this housing and its 
attendant components assures that the vapor from 
the mercury vapor lamp 12 will be contained in all 
events, particularly in the case of an explosion of 
such lamp. 

The housing 30 can be fabricated as a metal 
casting of steel or aluminum or the like, and in- 
cludes a first cylindrical wall 32 at the interior of 
the housing and another or second cylindrical wall 
34 forming the exterior of the housing. A first or 
inner chamber 36 in which the lamp 12 is con- 
tained is defined by the inner wall 32, being further 
defined by a plate or member 38 forming a top 
wall. A transparent member or window 40 serves to 
seal the inner chamber 36 at the bottom end, 
member 40 fitting over an opening at the bottom of 
chamber 36. 

A second chamber 42 is also formed within the 
housing 30. This chamber has an annular portion 
42A defined between the inner and outer cylindrical 
walls 32 and 34. The remainder of the second 
chamber, that is portion 42B'seen above 42A. is 
defined by the outer wail 34 and top 44 in the form 
of an integral cover member 94. 

A cooling means 46 is disposed in the annular 
portion 42A of the second chamber 42, such cool- 
ing means being integrally formed as part of the 
casting for the housing 30. The cooling means 
includes a series of spaced fins 48 defined by inlet 
passages 50 formed at spaced locations in annular 
member 52, thereby to permit cooling air as in- 
dicated by the arrows to be drawn in at the bottom 
of annular portion 42A, such air flowing through the 
passages 50 and into the outer chamber 42 and 
thence through the outlet opening 56 to a suitable 
vacuum means designated by the arrow 58. such 
means per se being one which is conventional and 
well understood. 

It will be appreciated that a conventional sup- 
port means 60 functions to support the lamp 12 
which is held in a typical socket 62, and further that 
the reflector 14 can be suitably attached at the 
interior of wall 32 such as by use of an appropriate 
attachment means. 
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As will be appreciated, the manner of fulfill- 
ment of most of the principal objects of the inven- 
tion have now been completely described. In par- 
ticular, by reason of the substantial casting of the 
housing 30 t the inner walls defining the sealed 
chamber 36 will prevent under most circumstances 
escape of mercury vapor. However, even in the 
event that the inner chamber 36 is breached in 
some way and the mercury vapor escapes from 
the inner chamber, further backup is provided. That 
is to say, the escaping mercury vapor will be swept 
by the ventilating means already described out of 
the second chamber 42, in particular because of 
the presence of the vacuum means 58. Moreover, 
because of the efficient integral cooling arrange- 
ment, including the fins 54, dissipation of the heat 
that is transferred to the inner walls is continuously 
effected. 

A further feature of the invention remains to be 
described; namely, that feature which insures virtu- 
ally continuous operation of the pattern forming 
apparatus because there is no longer any need to 
shut down for an extended cooling period when the 
mercury vapor lamp fails. The reason for this is 
that a latching arrangement 70 is provided to latch 
the entire lamp assembly or housing 30 to the 
chassis or frame 72 of the pattern forming appara- 
tus. This arrangement permits removal and pre- 
cisely aligned replacement of the lamp housing in 
a minimum time interval, thus totally avoiding the 
usual necessary shut down period for the system 
during which the lamp is allowed to cool down 
before being replaced. 

Referring now to Figure 3 of the drawing, the 
latching means 70 includes a pair of latching pins 
74 spaced diametrically oppositely on the periph- 
ery of the lamp housing 30. A corresponding pair 
of receptacles 78 for engaging the pins are pro- 
vided on the frame 72, of the Illuminator Housing of 
the pattern forming apparatus. Specifically, a pair 
of spring biased latch blocks 80 containing the 
receptacle are mounted on the frame so as to 
correspond the locations of the latch pins 74 on the 
lamp housing. A ramp 82 is provided on each of 
the latch blocks such that the pins 74 will be 
guided along their respective ramps as the lamp 
housing is suitably rotated; that is, rotated clock- 
wise looking down on the housing. Such clockwise 
movement is effected once the lamp housing has 
been suitably placed down into the recess or open- 
ing 84 formed in the frame 72 for receiving such 
lamp housing. 

Accordingly, the latch pins 74 will move down 
along the ramp against the spring bias and into the 
receptacles 78 upon reaching the end of their trav- 
el. The lamp housing 30 will now r main in its 
latched position. However, if it is desired to quickly 
detach the lamp housing in the event of an emer- 



gency condition, all that the user has to do is 
simply turn the housing forcefully counterclockwise 
to free the latch pins from the receptacles, thereby 
making removal of the housing a further matter of 
5 simply lifting the housing from its recess 84. A 
substitute lamp housing is then put in place such 
that the stepper operation can immediately con- 
tinue. 

An ancillary feature of the present invention 

io relates to a need that exists for precisely centering 
and focusing of the lamp 12 with respect to the 
ellipsoidal reflector 14. Since the lamp operates in 
a sealed environment within the chamber 36, a 
bellows pressure seal connection 90 is utilized to 

is effect the lamp adjustment, the bellows connection 
forming part of the support and control apparatus 
60. Three adjusting screws 92 provide for all possi- 
ble degrees of movement of the bellows connec- 
tion, and consequently of the lamp 12. The plenum 

20 chamber portion 42B of outer chamber 42 is de- 
fined by a plastic member 94 which is friction fitted 
in a conventional way to the lower or annular por- 
tion 42A of the outer chamber, being easily separa- 
ble therefrom along the parting line 96. In this way, 

25 any required adjustment of the lamp can be very 
readily accomplished while the lamp chamber re- 
mains sealed. 

While there has been shown and described 
what is considered at present to be the preferred 

30 embodiment of the present invention, it will be 
appreciated by those skilled in the art that modi- 
fications of such embodiment may be made. It is 
therefore desired that the invention not be limited 
to this embodiment and it is intended to cover in 

35 the appended claims ail such modifications as fall 
within the true spirit and scope of the invention. 



Claims 

40 

1 . A system for providing a stable environment 
for the operation of a mercury vapor arc lamp or 
the like comprising: 

a housing for the mercury vapor arc lamp, said 
45 housing including first and second concentric cylin- 
drical walls, a first or inner chamber in which said 
lamp is contained; 

a second or outer chamber having an annular 
portion defined between said first and second cy- 
50 lindrical walls, the remainder of said outer chamber 
being defined by said second wall; 

a cooling means disposed in said annular 
portion of said outer chamber; 

ventilating means, including vacuum means 
55 connect d to said outer chamber, and further in- 
cluding an inlet opening to said outer chamber 
such that air enters by said inlet opening and is 
drawn off by said vacuum means. 
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2. A system as defined in claim 1, further 
including an outlet opening in said second cylin- 
drical wall to which said vacuum means is con- 
nected. 

3. A system as defined in claim 1, in which 
said cooling means includes elongated radially di- 
rected fins disposed in the annular portion of said 
second chamber. 

4. A system as defined in claim 1, in which 
said first or inner chamber is further defined by top 
and bottom walls for completely sealing said inner 
chamber. 

5. A system as defined in claim 4, in which 
said outer chamber is further defined by a top wall, 

said inlet openings being disposed at the bottom of 75 
said outer chamber. 

6. A system as defined in claim 1, further 
including a frame having a pair of latch recepta- 
cles, and in which said lamp housing includes a 

pair of corresponding latch pins for engagement in 20 
said receptacles, whereby said lamp housing can 
be quickly removed from said frame. 

7. A system as defined in claim 6, in which 
said lamp housing includes a shoulder for engaging 

a surface of said frame, the portion of the lamp as 
housing below said shoulder fitting into a recess in 
said frame. 

8. A system as defined in claim 6, in which a 
pair of blocks defining said receptacles are moun- 
ted on said frame, said blocks being formed to 30 
include respective ramps leading to said recepta- 
cles, whereby upon rotation of said lamp housing 

said latch pins are guided along said ramp to said 
receptacles. 

9. A system for insuring substantially continu- 35 
ous operation of a photolithography apparatus de- 
spite failures in a mercury arc vapor lamp included 
therewith, comprising: 

a housing for containing the mercury arc vapor 
lamp; 40 

a frame, forming part said photolithography 
apparatus, said frame including a pair of recepta- 
cles, said lamp housing including corresponding 
latch pins extending from the periphery of said 
housing for engagement in said receptacles, 45 
whereby said lamp housing can be quickly re- 
moved from said frame and a substitute housing 
inserted in its place. 

10. A system as defined in claim 9, in which a 

pair of blocks defining said receptacles are moun- so 
ted on said frame, said blocks being formed to 
include respective ramps adjacent and leading to 
said receptacles, whereby upon rotation of said 
lamp housing said latch pins are guided along said 
ramps to said receptacles. 55 
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